INTRODUCTION
============

Regular physical activity (PA) is important for physical and mental health among children and adolescents.^[@r01],[@r02]^ Childhood PA patterns are indicative of PA and health status in adulthood.^[@r03],[@r04]^ Therefore, enhancing PA among children and adolescents is exceedingly important to promote public health. The World Health Organization (WHO) recommends that children and adolescents aged 5--17 years engage in at least 60 minutes of moderate-to-vigorous PA (MVPA) daily to ensure good health and fitness.^[@r05]^ However, according to the WHO Global School-based Student Health Survey (GSHS), globally, approximately 81% of adolescents aged 11--17 years do not meet this recommendation.^[@r06]^ A survey conducted by the Patient-Centered Assessment and Counselling for Exercise Plus Nutrition (PACE+) questionnaire in seven ASEAN countries showed that only 19.6% of schoolchildren aged 13--15 years engaged in more than 60 min/day of MVPA for more than 5 days/week.^[@r07]^ Therefore, physical inactivity is a common childhood health problem.

Currently, there are no representative data on MVPA for children and adolescents in Japan.^[@r08],[@r09]^ A cross-sectional study was conducted in the Tokyo metropolitan area on population-level step counts among 15,471 students aged 6--18 years.^[@r10]^ Another study provided follow-up data on PA, which was assessed using a newly developed questionnaire^[@r11]^ and showed that 74.7% of boys and 55.2% of girls from a sample of 657 children aged 9--15 years met the PA guideline (PA level in this study was defined as ≥7 hours/week) recommended by the Japan Sports Association. However, these studies did not assess the WHO-recommended MVPA level (henceforth, recommended MVPA level). Therefore, the prevalence of meeting the MVPA recommendation remains unclear at the population level in Japan.

Previous reviews have identified a number of correlates of MVPA among children and adolescents, including demographic (age and gender), biological (health status and weight status), psychosocial (PA preference and self-efficacy), behavioral (previous PA and smoking), and environmental variables (population density and accessibility).^[@r12]--[@r17]^ The ecological model offers a useful means of structuring research on these correlates, as it places emphasis on combinations of individual and environmental factors.^[@r15],[@r18]^ However, to the best of our knowledge, no study has yet examined the determinants of meeting recommended MVPA level using the ecological model in a community setting in Japan.

Thus, the primary objective of this cross-sectional study was to determine the prevalence of meeting the recommended MVPA level among Japanese children and adolescents. The secondary objective was to assess the relationships between this prevalence and numerous correlates.

METHODS
=======

Participants
------------

The study area was Unnan City, a rural region (area 553.4 km^2^) with no private schools in Shimane Prefecture, western Japan, with a population of 39,032; 1,932 children and adolescents aged 9--14 years lived in this city as of April 2017. Data were obtained from the health behavior surveys investigating students' lifestyles conducted by the school nursing department of the Unnan City Board of Education in the 2017 fall academic term. The school nursing department sent a letter to parents/guardians explaining ethical considerations and requesting their participation as a volunteer. The parents/guardians were free to ask questions or refuse participation. After the survey, the school nursing department approved the secondary use of these data for research. The researchers were provided data stripped of personal identifiers. This process was handled by the school nursing department, and the researchers were not involved. We disclosed information about our study for participants on the Shimane University website. The study protocol was approved by the Ethics Committee of Shimane University (\#2856).

Data were collected from health behavior surveys conducted in all public primary schools (PS; 15 schools; 950 students aged 9--12 years, grades 4--6) and junior high schools (JHS; 7 schools; 980 students aged 12--15, grades 1--3) in November 2017. Overall, 1,930 children and adolescents participated in the surveys. We excluded the data of participants who did not respond to any of the items (*n* = 31) and 105 participants with missing data (MVPA, *n* = 1; screen time \[ST\], *n* = 90; consumption of breakfast, *n* = 3; preference for PA, *n* = 11). When grouped according to non-missing or missing data, gender was not significantly different (*P* = 0.62), whereas school grade was significantly different (*P* = 0.045). These results are not shown. We thus conducted a complete-case analysis of 1,794 participants (Figure [1](#fig01){ref-type="fig"}).
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Dependent variable: moderate-to-vigorous physical activity
----------------------------------------------------------

The outcome variable was the prevalence of meeting the recommended MVPA level. The Japanese version of the WHO Health Behaviour in School-aged Children, a self-report questionnaire developed in a previous study, was used to evaluate MVPA levels.^[@r19]^ A validation study indicated that the MVPA results of this questionnaire are significantly and positively correlated with accelerometer data (ρ = 0.339). The questionnaire had the following question: "Over the past 7 days, on how many days were you physically active for at least 60 minutes?" Each student responded with the number of days (0--7 days).

Independent variables
---------------------

School grade (fourth, fifth, or sixth grade at PS and first, second, or third grade at JHS) and gender (boy or girl) were evaluated using the self-report questionnaire. Body weight status was calculated from objective measurements of height and weight by a trained school nurse or schoolteacher. Body weight status was classified as thin, normal, or overweight/obese based on the Japanese cut-offs listed in the Health Checkup Manual for School Children, which has been provided by the Ministry of Education, Culture, Sports, Science and Technology, Japan.^[@r20]^ Body weight status was calculated as follows:

Body weight status = \[measured body weight (kg) − standard body weight for gender, age, and height (kg)\]/standard body weight (kg) × 100 (%)

Standard body weight (kg) = *a* × measured body height (cm) − *b*

*a* and *b* are gender- and age-specific scores.

The cut-offs are as follows: overweight/obese: ≥+20%, normal: −20% to +20%, and thinness: ≤−20%.

To measure ST, we employed a previously developed questionnaire to assess children's ST.^[@r21]^ ST (hours per day) on weekdays and weekends was measured for eight domains: (1) television, (2) video or DVD, (3) home console, (4) handheld game console, (5) PC, (6) cellphone, (7) smartphone, and (8) portable music player. For each domain, participants indicated their ST on a six-point Likert scale as follows: "never," "less than 1 hour," "1 hour to less than 2 hours," "2 hours to less than 3 hours," "3 hours to less than 4 hours," and "more than 4 hours." To check the test-retest reliability of the ST questionnaire, 89 students (50 boys and 39 girls) in grades 4--6 (mean age 10.3; standard deviation, 0.8 years) answered the questionnaire (their data were not included in the current study). The test-retest reliability over 7 days for each domain indicated moderate to substantial agreement (weighted kappa = 0.44--0.73). A validation test was not conducted for these items. The total ST was calculated using the total time of domains 1--8 on weekdays and weekends. As a cut-off point, we used less than 2 hours/day based on the guidelines by the American Academy of Pediatrics and the Japan Pediatric Association.^[@r22],[@r23]^

The consumption of breakfast was reported to be associated with PA in previous studies.^[@r24],[@r25]^ We therefore evaluated participants' frequency of eating breakfast in a week on a five-point Likert scale (every day, 5--6 days, 3--4 days, 1--2 days, or never). Assessment of the test-retest reliability for this item over 7 days indicated substantial agreement (weighted kappa = 0.65). We defined "skipping breakfast" as missing at least one breakfast in a week.

We examined preference for PA as a psychological correlate in this study because it has been shown to be positively associated with PA.^[@r12],[@r16]^ Preference for PA among Japanese children was previously evaluated with a single question asking whether children preferred to engage in PA during school recess.^[@r26]^ We evaluated preference for PA using an original item that simply asked, "Do you like physical activity?". The participants responded on a 4-point Likert scale (yes, somewhat yes, somewhat no, no). For analysis, we dichotomized answers as "like" (yes or somewhat yes) or "dislike" (no or somewhat no).

Population density was calculated by dividing the number of residents by habitable land area in each town; we obtained data from the national population census data from 2015.^[@r27]^ Land area figures were constructed from 2014 data obtained from the National Land Numerical Information of the Ministry of Land, Infrastructure, Transport and Tourism of Japan. We calculated the habitable land area by subtracting the non-residential land area (lakes, rivers, and forests) from the total area in each town. Geographic information system was used to calculate the habitable land area (ArcGIS PRO 2.2, ESRI Corporation, Redlands, CA, USA). The population density of Unnan City was 361.7 persons/km^2^ based on the national census. The population densities of the six towns that make up the city were divided into three categories: low-population-density area, 182.3--281.7 persons/km^2^; medium-population-density area, 419.4--483.5 persons/km^2^; and high-population-density area, 532.1--579.6 persons/km^2^.

Statistical analysis
--------------------

We first described the participant characteristics. Descriptive statistics were generated to describe the prevalence of meeting recommended MVPA level (and its 95% confidence interval \[CI\]) according to participants' school grade and gender.

We then conducted univariate and multivariate Poisson regression analyses to estimate the prevalence ratios (PR) and 95% CIs for having recommended MVPA level (treated as a binary outcome).^[@r28],[@r29]^ We defined the outcome using two separate cut-off points (7 days/week or ≥5 days/week) based on reference values of MVPA of at least 60 minutes/day in accordance with previous studies.^[@r05],[@r07],[@r30],[@r31]^ The independent variables (treated as categorical variables) included school grade, gender, body weight status, consumption of breakfast, preference for PA, and population density. To consider the combination of individual and environmental variables, subgroup analyses stratified by gender were used to examine recommended MVPA level with independent variables. None of the variables had correlations of sufficient strength to indicate multicollinearity (*r* \< 0.12, data not shown). All statistical analyses were carried out using IBM SPSS Statistics 24.0 for Windows (IBM Corp., Armonk, NY, USA). For all analyses, *P*-values of less than 0.05 were considered statistically significant.

RESULTS
=======

Table [1](#tbl01){ref-type="table"} shows the characteristics of total participants by gender. Of the 1,794 participants, a similar proportion of boys and girls participated (949 \[52.9%\] boys, 845 \[47.1%\] girls).

###### Participants' characteristics

  Variables                                  Total, *n* = 1,794   Boys, *n* = 949   Girls, *n* = 845
  ------------------------------------------ -------------------- ----------------- ------------------
  Grade                                                                              
   Primary school                                                                    
    4th grades (9--10 years old), *n* (%)    307 (17.1)           163 (17.2)        144 (17.0)
    5th grades (10--11 years old), *n* (%)   285 (15.9)           146 (15.4)        139 (16.4)
    6th grades (11--12 years old), *n* (%)   282 (15.7)           142 (15.0)        140 (16.6)
   Junior high school                                                                
    1st grades (12--13 years old), *n* (%)   291 (16.2)           150 (15.8)        141 (16.7)
    2nd grades (13--14 years old), *n* (%)   323 (18.0)           183 (19.3)        140 (16.6)
    3rd grades (14--15 years old), *n* (%)   306 (17.1)           165 (17.4)        141 (16.7)
   Body weight status                                                                
    Thin, *n* (%)                            28 (1.6)             11 (1.2)          17 (2.0)
    Normal, *n* (%)                          1,664 (92.8)         886 (93.4)        778 (92.1)
    Overweight/obese, *n* (%)                102 (5.7)            52 (5.5)          50 (5.9)
   Screen time                                                                       
    ≥2 hours/day, *n* (%)                    1,742 (97.1)         925 (97.5)        817 (96.7)
    \<2 hours/day, *n* (%)                   52 (2.9)             24 (2.5)          28 (3.3)
   Consumption of breakfast                                                          
    Skipping, *n* (%)                        165 (9.2)            94 (9.9)          71 (8.4)
    Every day, *n* (%)                       1,629 (90.8)         855 (90.1)        774 (91.6)
   Preference for physical activity                                                  
    Dislike, *n* (%)                         239 (13.3)           91 (9.6)          148 (17.5)
    Like, *n* (%)                            1,555 (86.7)         858 (90.4)        697 (82.5)
   Population density                                                                
    High area, *n* (%)                       679 (37.8)           358 (37.7)        321 (38.0)
    Medium area, *n* (%)                     919 (51.2)           495 (52.2)        424 (50.2)
    Low area, *n* (%)                        196 (10.9)           96 (10.1)         100 (11.8)

Figure [2](#fig02){ref-type="fig"} and [eTable 1](#sm01){ref-type="supplementary-material"} display the prevalence of meeting recommended MVPA level (≥60 minutes/day on 7 days/week) among Japanese children and adolescents by grade and gender. Overall, 20.1% of participants met recommended level.
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Table [2](#tbl02){ref-type="table"} shows the results of the Poisson regression exploring the associations of meeting recommended MVPA level with the independent variables. When interpreting the recommended level as ≥60 minutes/day for 7 days, meeting this recommendation was significantly associated with being in sixth grade of PS (PR 0.57; 95% CI, 0.39--0.84) and first (PR 1.52; 95% CI, 1.16--1.99), second (PR 1.45; 95% CI, 1.10--1.90), and third grade of JHS (PR 0.40; 95% CI, 0.26--0.62) (vs fourth grade of PS). It was also associated with being a boy (PR 1.33; 95% CI, 1.12--1.59) (vs girl), liking PA (PR 3.72; 95% CI, 2.22--6.22) (vs dislike), and living in a medium-population-density (PR 0.73; 95% CI, 0.61--0.88) or low-population-density area (PR 0.67; 95% CI, 0.48--0.94) (vs high-population-density area) in the multivariate analysis.

###### Correlates for moderate-to-vigorous physical activity among Japanese children and adolescents (*n* = 1,794)

                                     MVPA level, ≥60 minutes/day on 7 days/week   MVPA level, ≥60 minutes/day on ≥5 days/week                                                                                               
  ---------------------------------- -------------------------------------------- --------------------------------------------- ----------------------- ------------------- ----------------------- ----------------------- -------------------
  School grade                       4th grades                                   67 (21.8)                                     1.0 (reference)         1.0 (reference)     157 (48.9)              1.0 (reference)         1.0 (reference)
  5th grades                         59 (20.7)                                    0.95 (0.70--1.29)                             1.01 (0.75--1.37)       121 (42.5)          0.87 (0.73--1.04)       0.89 (0.75--1.07)       
  6th grades                         33 (11.7)                                    **0.54 (0.37--0.79)**                         **0.57 (0.39--0.84)**   97 (34.4)           **0.70 (0.58--0.86)**   **0.73 (0.60--0.89)**   
  1st grades                         87 (29.9)                                    **1.37 (1.04--1.80)**                         **1.52 (1.16--1.99)**   181 (62.2)          **1.27 (1.10--1.47)**   **1.34 (1.16--1.54)**   
  2nd grades                         90 (27.9)                                    1.28 (0.97--1.68)                             **1.45 (1.10--1.90)**   174 (53.9)          1.10 (0.95--1.28)       **1.17 (1.01--1.36)**   
  3rd grades                         25 (8.2)                                     **0.37 (0.24--0.58)**                         **0.40 (0.26--0.62)**   66 (21.6)           **0.44 (0.35--0.56)**   **0.45 (0.36--0.58)**   
                                                                                                                                                                                                                            
  Gender                             Girls                                        138 (16.3)                                    1.0 (reference)         1.0 (reference)     339 (40.1)              1.0 (reference)         1.0 (reference)
  Boys                               223 (23.5)                                   **1.44 (1.19--1.74)**                         **1.33 (1.12--1.59)**   450 (47.4)          **1.18 (1.06--1.31)**   **1.13 (1.02--1.25)**   
                                                                                                                                                                                                                            
  Body weight status                 Thin                                         2 (7.1)                                       0.34 (0.09--1.31)       0.34 (0.09--1.27)   10 (35.7)               0.81 (0.49--1.33)       0.76 (0.47--1.20)
  Normal                             346 (20.8)                                   1.0 (reference)                               1.0 (reference)         737 (44.4)          1.0 (reference)         1.0 (reference)         
  Overweight/obese                   13 (12.7)                                    0.61 (0.37--1.03)                             0.75 (0.45--1.24)       41 (40.2)           0.91 (0.71--1.16)       0.99 (0.78--1.26)       
                                                                                                                                                                                                                            
  Screen time                        ≥2 hours/day                                 348 (20.0)                                    1.0 (reference)         1.0 (reference)     766 (44.0)              1.0 (reference)         1.0 (reference)
  \<2 hours/day                      13 (25.0)                                    1.25 (0.77--2.02)                             1.29 (0.83--1.99)       23 (44.2)           1.01 (0.74--1.37)       1.00 (0.74--1.34)       
                                                                                                                                                                                                                            
  Consumption of breakfast           Skipping                                     21 (12.7)                                     1.0 (reference)         1.0 (reference)     60 (36.4)               1.0 (reference)         1.0 (reference)
  Every day                          340 (20.9)                                   **1.64 (1.09--2.47)**                         1.47 (0.98--2.19)       729 (44.8)          1.23 (1.00--1.52)       1.15 (0.94--1.41)       
                                                                                                                                                                                                                            
  Preference for physical activity   Dislike                                      14 (5.9)                                      1.0 (reference)         1.0 (reference)     63 (26.4)               1.0 (reference)         1.0 (reference)
  Like                               347 (22.3)                                   **3.81 (2.27--6.39)**                         **3.72 (2.22--6.22)**   726 (46.7)          **1.77 (1.42--2.20)**   **1.79 (1.45--2.22)**   
                                                                                                                                                                                                                            
  Population density                 High area                                    165 (24.3)                                    1.0 (reference)         1.0 (reference)     313 (46.1)              1.0 (reference)         1.0 (reference)
  Medium area                        166 (18.1)                                   **0.74 (0.61--0.90)**                         **0.73 (0.61--0.88)**   406 (44.2)          0.96 (0.86--1.07)       0.94 (0.85--1.05)       
  Low area                           30 (15.3)                                    **0.63 (0.44--0.90)**                         **0.67 (0.48--0.94)**   70 (35.7)           **0.76 (0.63--0.95)**   **0.79 (0.65--0.96)**   

CI, confidence interval; MVPA, moderate-to-vigorous physical activity; PR, prevalence ratio.

School grade, Primary school grade is 4th grade (9--10 years old), 5th grade (10--11 years old), and 6th grade (11--12 years old). Junior high school grade is 1st grade (12--13 years old), 2nd grade (13--14 years old), and 3rd grade (14--15 years old).

When interpreting recommended MVPA level as ≥60 minutes/day for at least 5 days/week, meeting the level was associated with being in sixth grade of PS (PR 0.73; 95% CI, 0.60--0.89) and first (PR 1.34; 95% CI, 1.16--1.54), second (PR 1.17; 95% CI, 1.01--1.36), and third grade of JHS (PR 0.45; 95% CI, 0.36--0.58) (vs fourth grade of PS). It was also associated with being a boy (PR 1.13; 95% CI, 1.02--1.25) (vs girl), liking PA (PR 1.79; 95% CI, 1.45--2.22) (vs dislike), and living in a low-population-density (PR 0.79; 95% CI, 0.65--0.96) (vs high-population-density area) area in the multivariate analysis.

In [eTable 2](#sm01){ref-type="supplementary-material"}, the subgroup analysis for boys revealed that meeting recommended MVPA level as ≥60 minutes/day for 7 days was significantly associated with being in sixth grade of PS (PR 0.52; 95% CI, 0.32--0.84) and third grade of JHS (PR 0.50; 95% CI, 0.31--0.81), liking PA (PR 3.91; 95% CI, 1.83--8.38), and live in a medium-population-density area (PR 0.73; 95% CI, 0.58--0.92). For girls, factors associated with higher MVPA level were being in first (PR 2.02; 95% CI, 1.29--3.16), second (PR 1.67; 95% CI, 1.05--2.67), and third grade of JHS (PR 0.19; 95% CI, 0.07--0.54), liking PA (PR 3.53; 95% CI, 1.76--7.11), and living in a medium-population-density (PR 0.74; 95% CI, 0.55--0.99) or low-population-density area (PR 0.49; 95% CI, 0.27--0.90).

DISCUSSION
==========

This is the first study to describe the prevalence of meeting WHO-recommended MVPA level using census data of children and adolescents living in Unnan City, Japan. We also examined the numerous correlates of this prevalence. About 20% of the Japanese children and adolescents met recommended MVPA level, which was associated with grade, gender, preference for PA, and population density. Our findings underscore the importance of promoting MVPA among Japanese children and adolescents. Based on attributes of students not meeting recommended MVPA level in the Japanese rural area, measures focusing on increasing PA among students in the last grade of schools or in low-population-density areas may be necessary. For example, there is a need for multidisciplinary cooperation of stakeholders, such as teachers, parents, and education policymakers.

Prevalence of moderate-to-vigorous physical activity that meets the WHO recommendation
--------------------------------------------------------------------------------------

We found that 20.1% of Japanese children and adolescents aged 9--15 years achieved recommended MVPA level. The prevalence of meeting recommended MVPA level in Japanese children and adolescents is low, a finding which is consistent with the international trend.^[@r30]^ This is similar to the prevalence found among adolescents aged 13--15 years in 105 countries (19.7%) assessed by HBSC and GSHS.^[@r30]^ Even if the results are limited to the same age group (JHS aged 13--15 years) in our study, the prevalence was low (22.0%). The GSHS also found that 19.3% of children and adolescents aged 11--17 years met the recommendation globally.^[@r06]^ Among Asian countries, according to the WHO Global Health Observatory data (from the GSHS), Southeast Asian countries had a distinctly higher prevalence of meeting recommended MVPA level (26.6%) than did Japan.^[@r32]^ For example, although the age classification was different, Amornsriwatanakul et al conducted a survey using a validated questionnaire among 13,225 Thai children and youth aged 6--17 years,^[@r33]^ and 23.4% met recommended MVPA level (vs 20.1% in Japan). As mentioned above, to the best of our knowledge, no study has yet examined the prevalence of meeting recommended MVPA level at the population level in Japan. Therefore, our findings are important for public health, because we analyzed participants from all schools in an entire city, thus decreasing sampling bias and obtaining results more reflective of reality.

Correlates with moderate-to-vigorous physical activity level
------------------------------------------------------------

Being a boy was positively correlated with meeting recommended MVPA level. This finding accords with international trends.^[@r15]^ Being in the final year of a particular school (sixth grade of PS and third grade of JHS) was negatively associated with meeting recommended level, consistent with the findings of Fukushima et al, who reported that students in their final years of PS or JHS had the lowest step counts using a pedometer in the Tokyo metropolitan area.^[@r10]^ The lower prevalence might be attributed to the fact that Japanese students stop participating in organized sports between July and March to prepare for examinations and graduation. Childhood is a key developmental period when health-related behaviors are established and can be carried into adulthood. According to Telama's review,^[@r03]^ tracking coefficients from childhood to adulthood ranged between 0.07 and 0.66. Moreover, participants who were consistently inactive were more likely to become obese in young adulthood, compared to consistently active participants (adjusted odds ratio, 3.79).^[@r04]^ It may therefore be necessary to take further measures to improve MVPA for students in their final year of PS and JHS in Japan.

Liking PA was the strongest positive correlate of meeting the MVPA recommendations, regardless of whether we set the cut-off as 7 or ≥5 days/week. These findings support previous reviews showing that liking PA is positively correlated with actual participation in PA among children and adolescents.^[@r12],[@r16]^ Qualitative studies have explored the reasons that adolescents participate in PA, including sports. The most common reasons appear to be skill development, challenges that PA can present, consequent improvement in fitness and physical competence, and opportunity to gain social acceptance and support as well as have fun.^[@r34],[@r35]^ Thus, fun or enjoyment was a common reason for participation in PA. One approach to exploring this association is motivation to engage in PA. According to self-determination theory, motivation has intrinsic and extrinsic aspects.^[@r36]^ Intrinsic motivation refers to engaging in a behavior that is inherently satisfying, interesting, or enjoyable. Intrinsic motivation is an important factor for remaining physically active.^[@r37]^ Owen's review showed that intrinsic motivation is associated with engaging in PA among children and adolescents.^[@r38]^ In our study, liking PA was the independent variable with the strongest association with MVPA. However, although the percentage of students liking PA was high (86.7%), prevalence of meeting recommended MVPA level was low (20.1%). There may be potential mediators, such as self-efficacy, between liking PA and engaging in MVPA.^[@r39]^ Our findings suggest that to promote MVPA, not only should parents or teachers aim to present PA as at least a fun activity for children, more research should be conducted to identify potential effects of other variables.

We also found a positive relationship between population density and MVPA among Japanese children and adolescents. This positive relationship was observed in both boys and girls. In a systematic review among East Asian adolescents, there are few studies on the environmental correlates of participation in MVPA.^[@r40]^ This review showed inconsistencies in findings regarding the association between residential density and PA. In Japan, Sato et al showed a reverse U-shaped relationship between population density and step count (the lowest and highest quintiles of population density showed a decline in step count) using a pedometer from the 2011 Tokyo Metropolitan Survey, which assessed youth aged 6--15 years.^[@r41]^ Our findings that lower population density was associated with a lower prevalence of meeting recommended MVPA level compared with a high population density partly supported their results. In our study area, the mean population density was 361.7 persons/km^2^, which is lower than the mean of the least dense area of Tokyo (532 persons/km^2^). This lower population density might be a less favorable environment for MVPA. Moreover, Sato et al showed that population density had a comparatively stronger influence on out-of-school step count and a weaker influence on in-school step count. We speculate that out-of-school PA is important for the total amount of PA among children and adolescents, because the number of sports clubs in Shimane Prefecture (including in our study area) decreased from 339 in 2002 to 289 in 2014, and the average number of participating members decreased from 26.0 people/club to 21.5 people/club.^[@r42]^ With the decrease in the number of sports clubs, opportunities for participation in out-of-school sports activities might have decreased. Moreover, the presence of school buses might also decrease transportation using walking or cycling in areas with low-population-density. In Japan, most students (86% according to a previous study^[@r09]^) walk or cycle to commute from home to school. However, in areas with low densities (eg, rural communities), it can be difficult to commute via these methods, forcing students to use the school bus. D'Haese et al's systematic review reported that walking to school was positively associated with population density.^[@r43]^ Nevertheless, there is a lack of evidence on this issue in Asian countries. Our study examined overall level of MVPA, presumably including activities in schools and clubs, but did not assess domain-specific activities (ie, physical education, participating in organized sports, or transportation). Future research should enhance the understanding of mechanisms underlying the association between PA (both in and out of school) and population density.

This study has several potential limitations. First, the cross-sectional design cannot explain the causal relationship between the MVPA and its correlates. Second, although we recruited participants from all schools of city, the generalizability of the findings is limited because this study was performed in a single rural Japanese city. Additionally, there might have been a bias due to missing data through non-participation or non-response to the questionnaires. Students with missing data (*n* = 104) were slightly more active than students of complete case (21.2% vs 20.1%). When examining this by school grade, the similar but greater tendency was observed in the fifth grade (24.0% vs 20.7%), which had the highest rate of missing data. Therefore, the missing data might lead to underestimating the prevalence and correlates of recommended MVPA level. A future study with a nationally representative sample that includes rural and urban areas is needed. Third, despite the use of a validated questionnaire to measure MVPA, recall bias might have influenced results. Subjective measurements tend to overestimate PA compared with objective measurements.^[@r44],[@r45]^ Furthermore, although the item for measuring preference for PA was developed in a previous study in Japan, its validity and reliability are unknown.^[@r26]^ A validation test was not conducted for assessing other independent variables using a questionnaire. Therefore, the results are subject to measurement error. Finally, we could not account for the effects of unmeasured factors, which might have influenced the confounders of MVPA.^[@r12]--[@r17]^

Conclusions
-----------

This study explored the prevalence of meeting WHO-recommended MVPA level and its correlates among Japanese children and adolescents. About 20% students engaged in the recommended level, and prevalence was associated with grade, gender, preference for PA, and population density.

We greatly appreciate the cooperation of the participants and staff members in this study.

Funding: This study was supported by JSPS KAKENHI Grant Number 18K02468 and a Research Grant from the Nakatomi Foundation and Japan Health Promotion & Fitness Foundation.

Conflicts of interest: None declared.

APPENDIX A. SUPPLEMENTARY DATA {#sm01}
==============================

The following is the supplementary data related to this article:
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